Purpose To investigate prospectively the associations of Dietary Inflammatory Index (DII) and Mediterranean Diet Score (MDS) with lung cancer. Methods We used data from men and women aged 40-69 years at recruitment in 1990-1994, who were participants in the Melbourne Collaborative Cohort Study (n = 35,303). A total of 403 incident lung cancer cases were identified over an average 18-year follow-up. Hazard ratios (HR) were estimated using Cox regression, adjusting for smoking status and other risk factors, with age as the time metric. Results An inverse correlation was observed between the DII and MDS (q = -0.45), consistent with a higher DII being pro-inflammatory and less 'healthy,' while a high MDS reflects a 'healthier' diet. The DII was positively associated with risk of lung cancer in current smokers [HR Q4 vs Q1 = 1.70 (1.02, 2.82); P trend = 0.008] (p interaction between DII quartiles and smoking status = 0.03). The MDS was inversely associated with lung cancer risk overall [HR 7-9 vs 0-3 = 0.64 (0.45, 0.90); P trend = 0.005] and for current smokers (HR 7-9 vs 0-3 = 0.38 (0.19, 0.75); P trend = 0.005) (p interaction between MDS categories and smoking status = 0.31). Conclusions The MDS showed an inverse association with lung cancer risk, especially for current smokers. A high DII, indicating a more pro-inflammatory diet, was associated with risk of lung cancer only for current smokers. A healthy diet may reduce the risk of lung cancer, especially in smokers.
Introduction
Lung cancer is the most commonly diagnosed cancer and most common cause of cancer death for men. For females, it ranks fourth in terms of incidence and is the leading cause of cancer death in developed countries [1] .
Cigarette smoke has strong pro-inflammatory properties which may contribute to the etiology of lung cancer [2, 3] . There have been several reports indicating prospective associations between biomarkers of inflammation and lung cancer risk [4] [5] [6] . Within the screening arm of the Prostate, Lung, Colorectal and Ovarian cancer Screening Trial (PLCO), results from a nested case-control study indicated that elevated serum high sensitivity C-reactive protein (hs-CRP) was associated with increased risk of incident lung cancer [4] . Higher serum concentrations of interleukin-6 (IL-6) and interleukin-8 (IL-8) were associated with lung cancer prevalence and incidence in case-control studies using the National Cancer Institute-Maryland (NCI-MD) data and in the PLCO data [5] . In the PLCO data, IL-8 and CRP were both predictors of lung cancer, with highest risk when both were elevated [5] . A more recent analysis from PLCO assessed a panel of 77 inflammatory serum biomarkers [6] . Of 68 biomarkers that could be evaluated, 11 were associated with lung cancer risk, including acutephase proteins, pro-inflammatory cytokines, anti-inflammatory cytokines (inverse association), lymphoid differentiation cytokines, growth factors, and chemokines.
A literature-derived dietary inflammatory index (DII) [7] was developed to assess the inflammatory potential of an individual's diet based on reported associations of various foods, nutrients and other compounds with six inflammatory markers, and has subsequently been refined [8] . The new, refined DII was positively associated with hs-CRP levels in the longitudinal observational SEASONS Study [9] . Higher DII scores are indicative of a pro-inflammatory diet. In cross-sectional analyses in two Dutch cohorts, an adaptation of the original DII (ADII) was associated with a score based on 6 biomarkers of inflammation, and with insulin resistance assessed by HOMA [10] . Other studies have shown the new, refined DII to be associated with colorectal [11] [12] [13] , prostate [14] and pancreatic [15] cancers, other biomarkers of inflammation [16, 17] , [18] and total, cardiovascular or cancer mortality [19] .
Although the DII has been designed specifically on the basis of associations between dietary factors and circulating biomarkers of inflammation, lower DII scores were seen with a plant-based dietary intervention [20] which is likely to be beneficial to health through mechanisms in addition to inflammation. The Mediterranean diet interventions used in the PREDIMED study also were associated with reduced inflammation [21] . The DII and an adaptation of the Mediterranean Diet Score (aMED) were evaluated for associations with respiratory conditions in a high-risk cohort participating in a lung cancer screening trial [22] . For these heavy smokers, only the aMED, reflecting a diet focussing on plant foods, was associated with lung cancer risk after adjusting for other risk factors, although the DII and aMED scores were moderately inversely correlated (r = -0.51).
Our aim was to investigate whether the refined DII was associated with incident lung cancer in the Melbourne Collaborative Cohort Study (MCCS) after around 18 years of follow-up. As a comparison and to investigate how specific any association might be to the DII as a marker of diet quality, we also investigated associations with the Mediterranean Diet Score (MDS).
Materials and methods

Study population
The MCCS is a prospective cohort study of 41,514 residents (17,045 men) of Melbourne, Australia aged between 27 and 75 years at baseline (99.3 % were ages 40-69 years [23] ). Italian and Greek migrants were deliberately recruited to extend the range of lifestyle exposures. Recruitment occurred between 1990 and 1994. Participants were recruited via the electoral rolls (registration to vote is compulsory for adults in Australia), advertisements, and community announcements in local media (e.g., television, radio, and newspapers). Comprehensive lists of Italian and Greek surnames also were used to target southern European migrants in the phone book and Electoral Rolls. The Cancer Council Victoria's Human Research Ethics Committee approved the study protocol. Participants gave written consent to participate and for the investigators to obtain access to their medical records. We excluded 6211 participants who had any cancer, diabetes, a heart attack, or angina before baseline; had no dietary data; had missing values for any of the confounders; or their reported energy intake was in the lowest or highest 1 % of the sex-specific distributions. Participants with diabetes, heart attacks, or angina were excluded because their reported diets were not representative of the cohort (e.g., they had low intakes of saturated fat) and we were unsure when they changed their diets. After these exclusions 35,303 participants remained for analysis.
Dietary assessment
At baseline, participants completed a 121-item food frequency questionnaire (FFQ) that was developed from a study of weighed food records in 810 Melbournians of similar demographics to the cohort [24] . Nutrient intakes were calculated using mean sex-specific portion sizes from the weighed food records [24] . Intakes of most nutrients were computed using Australian food composition tables [25] . Because these tables do not include folate and vitamin E, we used British data for these [26] . Fatty acid data were sourced from Royal Melbourne Institute of Technology [27] and carotenoid data from the United States Department of Agriculture (USDA) [28] .
Dietary inflammatory index (DII)
Briefly, to calculate DII for the subjects in this study, the dietary data were first linked to a world database that provided a robust estimate of a mean and standard deviation for each food parameter included in the DII. These parameters then became the multipliers to express an individual's exposure relative to the 'standard global mean' as a z-score. This was achieved by subtracting the 'standard global mean' from the amount reported and dividing this value by the standard deviation. To minimize the effect of 'right skewing,' this value was then converted to a centered percentile score. The centered percentile score for each food parameter for each subject was then multiplied by the corresponding food parameter effect score in order to obtain a food parameter-specific DII score. All of the food parameter-specific DII scores were then summed to create the overall DII score for each study subjects (Fig. 1) . DII scores for individuals in the MCCS were calculated using the 29 foods and nutrients (out of the 45 possible items) [8] for which we had intake data available from the FFQ: energy, carbohydrate, protein, fat, alcohol, fiber, cholesterol, saturated fatty acid, mono-unsaturated fatty acid, poly-unsaturated fatty acid, omega 3 fat, omega 6 fat, trans fat, niacin, thiamin, riboflavin, vitamin B12, vitamin B6, iron, magnesium, zinc, vitamin A, vitamin C, vitamin E, folic acid, beta carotene, garlic, onion, and tea.
Mediterranean diet score (MDS)
Trichopoulou et al. [29] developed the Mediterranean Diet Score (MDS) to quantify adherence to a traditional Mediterranean diet. We computed the MDS using the whole baseline MCCS sample. Intakes above the sexspecific medians for frequency of intake for vegetables, fruit, cereals, legumes, and fish, participants were assigned a value of 1 and below the median were assigned a value of 0. Intakes below the median for dairy and red meat (not chicken), participants were assigned a value of 1 and above the median were assigned a value of 0. For alcohol, a value of 1 was assigned for daily intakes between 10 and 50 g/d for men and 5-25 g/d for women, lower or higher intakes scored zero [29] . Trichopoulou et al. used the ratio of dietary mono-unsaturated/saturated fats as the ninth component of the Mediterranean Diet Score [29] ; but we have used the intake of olive oil instead. In Australia, red meat is an important source of monounsaturated fatty acids [30] , and as shown by Martínez-González et al., olive oil was more closely associated with the MDS than was monounsaturated fat in their Spanish participants [31] .
Assessment of other risk factors
A structured interview schedule was used to obtain information on potential risk factors at baseline, including age, sex, country of birth, alcohol consumption using beveragespecific quantity frequency questions, current physical activity leisure time over the last 6 months (scored according to frequency of walking plus frequency of less vigorous activity plus twice the frequency of vigorous activity [32] ), education, socioeconomic status by SocioEconomic Indexes for Areas (SEIFA) Index of Relative Socio-Economic Disadvantage [33] , use of anti-inflammatory medication (including aspirin and nonsteroidal; prescription and over the counter), smoking status and detailed smoking history including the average number of cigarettes smoked per day and age at which they started smoking. Former smokers also provided the age at which they quit. Height and weight were measured and body mass index was calculated based on measured weight and height
Cohort follow-up and case ascertainment
Cases were identified from notifications to the Victorian Cancer Registry of diagnoses of lung cancer (codes C33 and C34 of the International Classification of Diseases, ICD-O-2). Additional cases diagnosed outside Victoria were identified by linkage to the Australian Cancer Database. Only participants with a primary diagnosis of lung cancer, which was classified as invasive (n = 314) or metastatic (n = 89) were counted as cases (i.e., cancer in situ was not included). Current addresses and vital status were determined by record linkage to Electoral Rolls and Victorian death records, from electronic phone books and from responses to mailed questionnaires and newsletters.
Statistical analysis
DII quartile cut points (Q) were obtained from the entire eligible sample; the lowest quartile (Q1) being the referent category. In order to understand what sort of eating pattern was associated with having a high DII, intakes of the food groups that constitute the MDS were summarized by DII quartiles. We also included white bread, a component of the cereal group due to its strong relationship with dietary glycaemic index (GI) in the MCCS [34] and evidence of an association between GI or glycemic load (GL) with CRP [35] . Most of these items were expressed as weekly frequencies except for olive oil (milliliters/week), energy (kJ/day), and alcohol, protein, fat, and carbohydrate (grams/day). Given that the DII is strongly inversely correlated with energy intake, the intakes of the foods/groups were reported as energy-adjusted values using the Willett regression method [36] , with natural log-transformed data, which was back-transformed for presentation. Cox's proportional hazard models were fitted, with age as the time metric [37] , to estimate hazards ratios and 95 % confidence intervals (95 % CI). Calculation of person-time began at baseline and ended at the earliest of: the date of diagnosis of lung cancer, dates of diagnosis of cancer at any other site, date of diagnosis of cancer of unknown primary site, date of death, date last known to be in Australia, or 31 December 2011 (the date that ascertainment of 16 food parameters were not included for this study.
The score for each food parameter was weighted according to the study design. The weights were 10 (experimental design), 8 (observaƟonal), 7 (case-control), 6 (cross-secƟonal), 5 (experimental with animals), 3 (cell culture).
A score for each food parameter was calculated giving: +1 to each arƟcle if the effects were pro-inflammatory (significantly increased IL-1β, IL-6, TNF-α or CRP, or decreased IL-4 or IL-10), -1 if the effects were anƟ-inflammatory (significantly decreased IL-1β, IL-6, TNF-α or CRP, or increased IL-4 or IL-10), 0 if the food parameter did not produce any significant change in the inflammatory marker.
A food parameter-specific overall inflammatory effect score was calculated by subtracƟng the anƟ-inflammatory fracƟon from the pro-inflammatory fracƟon. This score was corrected if the total weighted number of arƟcles was <236. In these cases the raw overall inflammatory score is mulƟplied by the total weighted number of arƟcles divided by 236.
Z-score and centred-percenƟles for each of the 29 food parameters for each parƟcipant of this study were calculated based on the average and standard deviaƟon for each food parameter obtained from the global database which was created from the consumpƟon of the original 45 food parameters from 11 countries from around the world.
The centred percenƟle for each food parameter was mulƟplied by the the respecƟve 'overall food parameter-specific inflammatory effect score' to obtain the 'food parameter-specific DII score'.
All of the 'food parameter-specific DII scores' were summed to create the 'overall DII score' for each individual.
Review of articles published from 1950 to 2010 resulting in 1943 studies linking a total of 45 food parameters with inflammatory biomarkers. For a random subsample of 1428 people from the MCCS selected for measurement of hs-CRP, we assessed the Spearman correlations between the DII and CRP and between the MDS and CRP in 1253 people. We also assessed the correlation between DII and the MDS in the whole study sample.
Potential confounders that required adjustment were identified from a Directed Acyclic Graph (DAG) [38] . All models were adjusted for smoking status (never, former, current), pack-years (calculated as the average number of cigarettes smoked per day multiplied by the duration of smoking in years, divided by 20: never smokers, Interactions between smoking status and diet score also were fitted and tested. Smoking-specific results from these models are presented together with results for all participants. To estimate linear trends on a log hazard scale the DII and MDS were fitted as pseudocontinuous covariates (using the median value within each DII quartile or MDS category). To investigate departures from linearity in the relationship between the diet scores and overall lung cancer risk, the likelihood ratio test was used to compare the results from models using linear and categorical representations of the dietary indices [39] . To generate the smoking-specific results a two-way interaction between smoking status and a quadratic pseudocontinuous term for the DII or MDS was included in the model and the significance of this term was assessed (Wald test) to investigate a departure from linearity. Additional analyses involved fitting and testing (using the likelihood ratio test) two-way interaction terms between smoking status and each confounder in the model.
We performed a sensitivity analysis restricted to participants who were not using anti-inflammatory drugs at baseline; too few people were using anti-inflammatory medication to assess associations in users. Other sensitivity analyses were performed excluding the first 2 years of follow-up to eliminate the possibility that the observed relationships were distorted by preexisting disease. Tests based on Schoenfeld residuals showed no evidence of violation of the proportional hazards assumption. All statistical tests were two sided, with p \ 0.05 considered statistically significant. Statistical analyses were performed using Stata/MP 14.1 Ò (Stata Corporation, College Station, TX).
Results
Of the eligible participants, 96 (0.3 %) had left Australia and 4735 (13.4 %) had died by 31 December 2011). We identified 403 incident cases of lung cancer (245 men and 158 women), over an average of 17.8 years of follow-up (range 0.02-21.1 years) between 1990 and 2011. Of these, 43 % were adenocarcinomas, 17 % squamous cell carcinomas, 11 % small cell carcinomas, 6 % large cell carcinomas, and the remaining 22 % were unclassified or other types. The mean age at diagnosis was 70 years (range, 42-87 years).
The baseline characteristics of the study participants are presented in Table 1 . In comparison with non-cases, cases were more likely to be male, older, in the top 25 % of DII, in the lowest MDS category, high alcohol consumers, and current or former smokers. Cases also tended to be heavier smokers, and if they were former smokers had quit more recently. Participants with degrees or diplomas, who resided in a higher SES area, and who were more physically active, were less likely to develop lung cancer. Of the 403 incident lung cancer cases identified, only 63 had reported never having smoked. Table 2 shows energy-adjusted intakes of food groups and nutrients by DII quartiles. Intakes of white bread, red meat, fat, and dietary glycaemic index tended to be higher in the higher, more inflammatory quartiles of DII while intakes of cereal foods in general, wholemeal bread, fish, vegetables, legumes, fruit, protein, and carbohydrates were higher in the lower, anti-inflammatory quartiles of DII. Energy intake also showed an inverse association with DII. A moderate inverse correlation was observed between the DII and MDS (Spearman's rho = -0.45). The median MDS was 6 (IQR, 5-7) in the lowest DII quartile and 4 (IQR, 3-5) in the highest DII quartile. Table 3 shows the HRs for lung cancer in relation to the DII, overall and by smoking status. For all participants, those in the most inflammatory DII category (Q4) had a nonsignificant elevated risk of lung cancer (HR Q4 vs Q1 = 1.31 (0.91, 1.89); P trend = 0.06). There was a significant interaction between smoking status and DII (p = 0.03, DII categorical model). No association was observed between DII and lung cancer for never or former smokers. For current smokers a positive association was Cancer Causes Control (2016) 27:907-917 911 observed (HR Q4 vs Q1 = 1.70 (1.02, 2.82); P trend = 0.008), although there was evidence of departure from linearity (p = 0.01) suggesting that the observed positive linear trend was driven by the elevated risk for Q4. The results for the MDS were consistent with those for the DII, with a higher score (more healthy diet), associated with a lower risk of lung cancer [ Table 4 , HR 7-9 vs 0-3 = 0.64 (0.45, 0.90); P trend = 0.005] overall. While we did not observe a significant interaction between smoking status and MDS (p = 0.31, MDS categorical model), it was only for current smokers that a significant inverse association with MDS was observed [HR 7-9 vs 0-3 = 0.38 (0.19, 0.75); P trend = 0.005]. There was no evidence of a departure from linearity in any of the MDS models.
Associations between lung cancer risk and the DII were little changed by the exclusion of the first 2 years of follow-up (n = 151, including 26 cases) or people using antiinflammatory medication. There were too few people using anti-inflammatory drugs (n = 7591, including 87 cases) to examine associations within this subgroup. Similarly for the MDS, results were similar after these exclusions (data not shown). For a random subsample of 1428 people selected for measurement of hs-CRP, the correlation between the DII and CRP was very weak but statistically significant, Spearman's rho = 0.11, p \ 0.001. The association for the MDS and CRP in 1253 people was of similar strength, but in the opposite direction (Spearman's rho = -0.10, p \ 0.001). 
Discussion
We have shown that the MDS was inversely associated with lung cancer risk. The association was strongest for people who were current smokers at baseline, although the interaction between the dietary measure and smoking status was not significant. A pro-inflammatory diet, as indicated by a higher DII score, was associated with an elevated risk of lung cancer only in participants who smoked at baseline, although there was a suggestion of an overall trend among all study subjects. Strengths of this study include minimal loss to followup, the measurement and resulting analytic control of important potential confounders and the objective assessment of the outcome, incident lung cancer. The main weaknesses relate to the dietary assessment based on a single FFQ, which is known to suffer from measurement error and which assessed only 29 of the 45 items that potentially contribute to the DII. It is also possible that diet changed over follow-up. Despite adjusting for several measures of smoking status at baseline, residual confounding by smoking is a possibility given the strong effect of smoking on both inflammation and the risk of lung cancer. The number of cases was small in some of our subgroups, particularly for never smokers; thus some associations may not have been detected because of low statistical power. We did not have a sample size sufficient to analyze different cancer subtypes separately. There were only 44 cases of small cell lung cancer which are considered distinct from other types due to their aggressiveness, diffuse nature, metastatic potential and poor prognosis [40] and which have been observed to have different relationships with some diet-related supplements [41] .
While there have been several studies assessing the association of the DII and various health outcomes, there is only one other study of lung cancer; conducted in Italy as part of the Continuous Observation of Smoking Subjects (COSMOS) [22] . COSMOS cohort members were all heavy smokers screened annually using CT scanning. Univariate analysis found DII (positive) and adherence to a Mediterranean diet assessed by aMED (negative) to be associated with incident lung cancer. After adjustment for age, sex, smoking duration, smoking intensity, years of smoking cessation and asbestos exposure, only the association with aMED remained, and the HR was only slightly changed by further adjustment for DII. The DII and aMED were moderately inversely correlated and likely shared common associations with food groups such as fruit and vegetables, fish, and olive oil [22] .
There are numerous studies of diet and lung cancer risk that are relevant to our study. Vegetables, as whole foods, are not part of the DII although they are scored for the MDS. Nutrients associated with fruit and vegetable intake, such as vitamin C, fiber, and b-carotene are included in the DII and all score negatively (i.e., anti-inflammatory), and energy-adjusted intakes of both vegetables and fruit were inversely associated with the DII in this cohort. In a metaanalysis of seven North American and European cohorts, the only dietary carotenoid that showed an inverse association with lung cancer was b-cryptoxanthin, which is found at high levels in citrus fruit [42] . A more recent systematic review found small, nonsignificant inverse associations between dietary carotenoids and lung cancer [43] . Trials with supplemental b-carotene show no or adverse effects and a large observational study also indicated a potential for increased risk of lung cancer associated with supplements of b-carotene, retinol or lutein [41] . The Shanghai Men's Study found that lung cancer risk was inversely associated with intakes of green leafy vegetables, b-carotene-rich vegetables, watermelon, vitamin A, and carotenoids [44] .
A meta-analysis of 33 published studies, including 6 cohort studies found that an 120 g per day increment in consumption of red meat of might increase the risk of lung cancer by 35 %, and an increment of 50 g per day in consumption of processed meat might increase the risk of lung cancer by 20 % [45] . Consistent with this, a lower MDS, indicating a higher meat intake, was associated with lung cancer risk. Meat contains many of the nutrients that contribute positively to the DII score. In the 1995 Australian National Nutrition Survey, meat was the main source of total fat and cholesterol and a rich source of saturated fat in the Australian diet [46] . These nutrients all contribute positively to the DII, although other meat-related nutrients score negatively. Overall higher DII was associated with higher meat intake and higher fat intake. A pooled analysis of eight prospective studies did not find an association between fat or cholesterol and lung cancer risk [47] .
Isoflavones also are a component of the DII and are found in soy products. A meta-analysis including 11 epidemiological studies, seven case-control and four cohort studies, found that after standardizing intake to grams/day of soy protein, there was an overall nonsignificant inverse association which in non-smokers was statistically significant [48] . We did not assess isoflavone intake, but the DII was inversely associated with legume intake, which would be the main source of isoflavones in this population. These vegetables also are associated with higher MDS.
In the current study both the DII and MDS showed some association with lung cancer risk, albeit mainly for those who were current smokers at baseline. The opposite directions of these associations were consistent with the way the scores reflect dietary intakes and with existing literature on associations between foods/nutrients and lung cancer. Reedy et al. [49] reported that for the NIH-AARP Diet and Health Study four different diet quality indices, Dietary Approaches to Stop Hypertension, alternative Mediterranean Diet Score, Healthy Eating Index-2010 and Alternative Healthy Eating Index-2010, all of which give a higher score for a 'better' diet, were inversely associated with total, cardiovascular and cancer mortality. This may reflect the importance of dietary features common to all: higher intakes of whole grains, vegetables, fruit and plantbased protein which contribute a range of phytochemicals with potential to impact cancer risk through different mechanisms working at different stages of cancer initiation and development [40] . Subtle differences between different indices and outcomes may reflect how other items such as red meat, alcohol and low-fat dairy were considered differently by the different indices. The DII is based on the idea that many disease-determining mechanisms operate in a pro-inflammatory environment. The most anti-inflammatory diets are likely to include foods that feature prominently in other 'high-quality diets.' It is important to note the fact in our population the correlations between the two diet scores was moderate (i.e., q = -0.45) and the correlation of each with CRP, as a biomarker of inflammation, were similar and very weak (i.e., q & |0.10|).
Our findings support the hypothesis that consumption of an anti-inflammatory diet rich in fruit, vegetables, and wholemeal bread, and low in red meat and white bread reduces the risk of lung cancer, especially in smokers. As a composite index describing the overall effect of diet on inflammation, it is not possible to disaggregate the DII components to pinpoint individual foods that drive the effect. Inflammation is not a single mechanism, but rather a substrate for other mechanisms such as oxidative and nitrative DNA damage, changes in gene expression and genetic instability, insulin resistance, and blunted immune response. Therefore, additional work is needed to pinpoint the specific mechanism(s) of action.
